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Abstract
A direct pathway from Hilbert’s “Foundation of Physics” to Quantum Gravity is established
through Dirac’s Hamiltonian reduction of General Relativity and Bogoliubov’s transforma-
tion by analogy with a similar pathway passed by QFT in 20 th century. The cosmological
scale factor appears on this pathway as a zero mode of the momentum constraints treated as
a global excitation of the Landau superfluid liquid type. This approach would be considered
as the foundation of the well–known Lifshitz cosmological perturbation theory, if it did not
contain the double counting of the scale factor as an obstruction to the Dirac Hamiltonian
method. After avoiding this “double counting” the Hamiltonian cosmological perturbation
theory does not contain the time derivatives of gravitational potentials that are responsible
for the CMB “primordial power spectrum” in the inflationary model.
The Hilbert – Dirac – Bogoliubov Quantum Gravity gives us another possibility to explain
this “spectrum” and other topical problems of cosmology by the cosmological creation of
both universes and particles from Bogoliubov’s vacuum. We listed the set of theoretical
and observational arguments in favor of that the CMB radiation can be a final product
of primordial vector W-, Z- bosons cosmologically created from the vacuum when their
Compton length coincides with the universe horizon. The equations describing longitudinal
vector bosons in SM, in this case, are close to the equations of the inflationary model used
for description of the “power primordial spectrum” of the CMB radiation.
To the 90th anniversary of GR and the 100th anniversary of SR
Invited talk at the XXXIX PNPI Winter School on Nuclear Particle Physics
and XI St.Petersburg School on Theoretical Physics
(St.Petersburg, Repino, February 14 - 20, 2005)
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1. Introduction
It is now accepted that quantum General Relativity does not exist. In the present paper, we
give a set of theoretical and observational arguments in favor of the opposite opinion: General
Relativity (GR) [1, 2] has a consistent interpretation only in the form of quantum theory of the
type of the microscopic theory of superfluidity [3, 4, 5].
Our hopes for an opportunity to construct a realistic quantum theory for GR are based, on
the one hand, on the existence of the Hilbert geometric formulation [1, 6, 7] of Special Relativity
(SR) [8, 9] considered as the simplest model of GR and, on the other hand, on the contemporary
quantum field theory (QFT) [10, 11] based on the dynamic version of SR [8, 9] that appears
after resolution of constraints [6, 7].
The geometric formulation of SR is an action of the type of the action in GR, which Hilbert
has reported on 20th November 1915 in his talk in Go¨ttingen mathematical society [1].
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We shall try here to reconstruct a direct pathway from geometry of a relativistic particle in
SR to the causal operator quantization of fields of these particles and their quantum creation
from vacuum in order to formulate a similar direct way from geometry of GR [1] to the causal
operator quantization of universes and to their quantum creation from vacuum considered as a
state with the minimal “energy”. This formulation includes the Wheeler – DeWitt definition
of “field space of events” [13]; the separation of gauge transformations from ones of the frames
of references using the Fock simplex of reference [12]; the choice of the Dirac specific frame of
reference [14]; resolving the energy constraint in the class of functions of the gauge transfor-
mations established by Zel’manov [15], where the cosmological scale factor appears as a zero
mode of the momentum constraints [6, 7]; the calculation of values of the geometric action and
interval onto the resolutions of the energy constraint [16] in order to get the dynamic “reduced”
action in terms of gauge-invariant variables and to define the notions “energy“, “time“, “par-
ticle” and “universe”, “number” of “particles” and “universes” by the low-energy expansion of
this “reduced” action following Einstein’s correspondence principle with nonrelativistic theory
[8, 9].
In the present paper the cosmological evolution [17, 18, 19] is treated as independent “super-
fluid” dynamics [4]. One of attributes of the phenomenon of superfluidity is the application of
Bogoliubov’s transformations [5, 20] to obtain a set of integrals of motions and calculate the dis-
tribution functions of cosmological creation of both “universes” and “particles” from “vacuum”.
All these attributes: London’s unique wave function [3], Landau’s independent “superfluid”
dynamics [4], and Bogoliubov’s transformations [5] are accompanied by a set of physical conse-
quences that can be understood as only pure quantum effects
We shall show how this “superfluid” dynamics of GR gives us possible solutions of the topical
astrophysical problems, including horizon, homogeneity, cosmological singularity, arrow of time,
Dark Matter, and Dark Energy.
In Section 2, the direct way from Hilbert’s geometric formulation of SR to QFT is established.
Section 3 is devoted to a similar Hilbert’s foundation of quantum cosmology. In Section 4, GR
is considered as a microscopic theory of superfluidity.
2. Hilbert’s Foundation of Quantum Field Theory
2.1. Hilbert’s version of Special Relativity
The Hilbert geometric formulation of a relativistic particle [1, 6, 7] is based on the action:
SSR1915 = −
m
2
τ2∫
τ1
dτ
[
(X˙α)
2
e(τ)
+ e(τ)
]
, (1)
and an “geometric interval”
ds = e(τ)dτ 7−→ s(τ) =
τ∫
0
dτe(τ ), (2)
where τ is the “coordinate evolution parameter” given in a one-dimensional Riemannian manifold
with a single component of the metrics e(τ) and the variables Xα form the Minkowskian “space
of events”, where (Xα)
2 = X20 −X2i .
The action (1) and interval (2) are invariant with respect to reparametrizations of the “co-
ordinate evolution parameter” (treated as “gauge transformations”)
τ −→ τ˜ = τ˜(τ); (3)
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therefore, the theory given by (1) and (2) can be considered as the simplest model of GR.
A single component of the metrics e(τ) (known as a “lapse-function”) plays the role of the
Lagrange multiplier in the Hamiltonian form of the action (1):
SSR1915 =
τ2∫
τ1
dτ
[
−Pα∂τXα + e(τ)
2m
(
P 2α −m2
)]
. (4)
Varying action (4) over lapse-function e(τ) defines the “constraint”:
(Pα)
2 −m2 = 0. (5)
Varying action (4) over dynamical variables (Pα,Xα) gives the equations of motion:
Pα = m
dXα
ds
,
dPα
ds
= 0, (6)
taking into consideration ds = e(τ)dτ . Solutions of equations (6) in terms of gauge-invariant
“geometric interval” (2) take the form
Xα(s) = Xα(0) +
Pα(0)
m
s. (7)
2.2. Dirac’s Hamiltonian reduction
The physical meaning of this solution is revealed in a specific “frame of reference”. In particular,
solutions of energy constraint (5) with respect to a temporal component P0 of momentum Pα
P0± = ±
√
m2 + P 2i (8)
are considered as the “reduced Hamiltonian” in the “reduced phase space” {Xi, Pj} that becomes
the energy E(P ) =
√
m2 + P 2i onto a trajectory [8, 9]. The time component of solution (7)
s =
m
P0±
[X0(s)−X0(0)] (9)
shows us that the “time-like variable” X0 is identified with the time measured in the rest frame
of reference, whereas an interval s is the time measured in the comoving frame.
The dynamic version of SR [8, 9] can be obtained as values of the geometric action (4) onto
solutions of the constraint (8)
SSR1915|P0=P0± = SSR1905 =
X0∫
X0I
dX0
[
Pi
dXi
dX0
− P0±
]
. (10)
Just the values of the “ geometric interval” (9) and action (10) onto resolutions (8) of constraint
(5) in the specific frame of reference will be called the “Hamiltonian reduction” of Hilbert’s
geometric formulation of SR given by Eqs. (1) and (2) (see [6, 16]).
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2.3. Dynamic version of Special Relativity of 1905
The “Hamiltonian reduction” leads to action (10) of the dynamic theory of a relativistic particle
of “1905” [8, 9] that establishes a correspondence with the classical mechanic action by the
low-energy decomposition
E(P ) =
√
m2 + P 2i = m+
P 2i
2m
+ ... (11)
It gives us the very important concept of particle “energy” E(0) = mc2. We can see that
relativistic relation (9) between the “time as the variable” and the “time as the interval” appears
in the geometric version of “1915” [1] as a consequence of the variational equations (8), whereas
in the dynamic version of “1905” [8, 9] the same relativistic relation in the form of a kinematic
Lorenz relativistic transformation is supplemented to variational equations following from the
dynamic action (10).
2.4. Quantum geometry of a relativistic particle
The next step forward to QFT is the primary quantization of particle variables: i[Pˆµ,Xν ] = δµν ,
that leads to the quantum version of the energy constraint (5) [+m2]ψ(X0,Xi) = 0 known as
the Klein – Gordon equation of the wave function. The general solution of this equation
∂20Ψp +E
2
pΨp = 0 (12)
for a single p-Fourier harmonics Ψp(X0) =
∫
d3X exp iPjX
jψ(X0,Xi) takes the form of the sum
of two terms
Ψp =
1√
2Ep
{a(+)p (X0) + a(−)p (X0)},
where a
(+)
p (X0), a
(−)
p (X0) are solutions of the equations
(i∂0 + Ep)a
(+)
p = 0, (i∂0 − Ep)a(−)p = 0. (13)
They are treated as the Shro¨dinger equations of the dynamic theory (10) for the case of positive
and negative particle “energies” (8) revealed by resolving energy constraint (5).
QFT is formulated as the secondary quantization of a relativistic particle [a
(−)
p , a
(+)
p ] = 1
[11]. In order to remove the negative “energy” −Ep and to provide the quantum system with
stability, the field a
(+)
p is considered as the operator of creation of a particle and a
(−)
p as the
operator of annihilation of a particle, both with positive “energy”. The initial datum XI(0) is
treated as a point of this creation or annihilation. This interpretation means postulating vacuum
as a state with minimal “energy” a
(−)
p |0〉 = 0, and it restricts the motion of a particle in the
space of events, so that a particle with P0+ moves forward and with P0− backward.
P0+ → XI(0) ≤ X(0); P0− → XI(0) ≥ X(0). (14)
As a result of such a restriction the interval (9) becomes
s(P0+) =
m
Ep
[X0(s)−X0(0)]; XI(0) ≤ X(0), (15)
s(P0−) =
m
Ep
[X0(0)−X0(s)]; XI(0) ≥ X(0). (16)
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One can see that in both cases the geometric interval is positive. In other words, the stability
of quantum theory and the vacuum postulate as its consequence lead to the absolute reference
point of this interval s = 0 and its positive arrow. The last means violation of the symmetry
of classical theory with respect to the transformation s → −s. Recall that the violation of the
symmetry of classical theory by their quantization is called the quantum anomaly [21, 22, 23].
The quantum anomaly as the consequence of the vacuum postulate was firstly discovered by
Jordan [24] and then rediscovered by a lot of authors (see [21]).
2.5. Creation of particles
Creation of particles is described by QFT obtained by quantization of classical fields with masses
depending on time m = m(X0). Classical field equation (12) can be got by varying the action
Sp =
∫
dX0 {Pp∂0Ψp −Hp} , (17)
where Hp =
1
2
[
P 2p + E
2
p(X0)Ψ
2
p
]
is the field Hamiltonian, here we kept only one p-harmonics.
The holomorphic representation of the fields [20, 29]
Ψp =
1√
2Ep(X0)
{
a(+)p (X0) + a
(−)
p (X0)
}
, (18)
Pp = i
√
Ep(X0)
2
{
a(+)p (X0)− a(−)p (X0)
}
. (19)
allows us to express the field Hamiltonian in action (17) in terms of observable quantities — the
one-particle energy Ep(X0) and “number” of particles Np(X0) = [a
+
p a
−
p ]:
Hp =
1
2
[
P 2p +E
2
p(X0)Ψ
2
p
]
= E(X0)
[
Np(X0) +
1
2
]
. (20)
While the canonical structure Pp∂0Ψ in (17) takes the form:
Pp∂0Ψp =
[
i
2
(a+p ∂0a
−
p − a+p ∂0a−)−
i
2
(a+p a
+
p − a−p a−p )
∂0E(X0)
2E(X0)
]
.
The one-particle energy and the number of particle are not conserved. In order to find a set of
integrals of motion, we can use the Bogoliubov transformations
a+p = αb
+
p +β
∗b−p (α = e
iθ cosh r, β = e−iθ sinh r), (21)
so that the equations of b+p , b
−
p become diagonal
(i∂0 + EB)b
+
p = 0, (i∂0 − EB)b−p = 0, (22)
and the conserved vacuum is defined by the postulate:
b−p |0 >p= 0. (23)
The corresponding Bogoliubov equations of diagonalization expressed in terms of the distribution
function of “particles” Np(X0) and the rotation function Rp(X0)
Np(X0) = |β|2 ≡ p < a+p a−p >p≡ sinh r2, Rp(X0) = i(αβ∗ − α∗β) ≡ − sin(2θ) sinh 2r
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take the form [20] 
dNp
dX0
=
∂0E(X0)
2E(X0)
√
4Np(Np + 1)−R2p,
dRp
dX0
= −2E(X0)
√
4Np(Np + 1)−R2p,
(24)
EB(X0) =
Ep(X0)− ∂0θ
cosh 2r
. (25)
These equations supplemented by the quantum geometric interval (15) and (16) are the complete
set of equations for description of the phenomenon of particle creation.
Thus, the direct way from Hilbert’s geometric formulation of any relativistic theory to the
corresponding “quantum field theory” goes through Dirac’s Hamiltonian reduction and Bogoli-
ubov’s transformations. As a result, we have the description of creation of a relativistic particle
in the space of events at the absolute reference point of geometric interval s of this particle. The
physical meaning of this interval is revealed in the Quantum Cosmology considered below.
3. Quantum Cosmology
3.1. Hilbert’s “Foundation of Physics” of 1915 [1]
Einstein’s GR [2] is based on the dynamic action
SGR =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + Lmatter
]
, ϕ20 =
3
8pi
M2P lanck (26)
proposed by Hilbert in his talk on 20th November 1915 in Go¨ttingen mathematical society [1];
this action is given in a Riemannian space-time manifold with “geometric interval”
ds = gµνdx
µdxν . (27)
Both the action and interval are invariant with respect to general coordinate transformations
xµ −→ x˜µ = x˜µ(x0, x1, x2, x3). (28)
GR (26), (27) is similar to the geometric version of SR considered in the previous section.
Therefore, we can repeat the pathway of SR to QFT of particles considered in Section 2.
3.2. Foundation of Quantum Cosmology of 2005
In order to demonstrate to a reader the direct pathway from Hilbert’s “Foundation of Physics” to
QFT of universes through Dirac’s Hamiltonian reduction [6], we consider GR in the homogeneous
approximation of the interval
ds2 ≃ ds2WDW = a2(x0)[(N0(x0)dx0)2 − (dxidxi)].
where Hilbert’s action (26) and interval (27) take the form
Scosmic−1915 = V0
∫
dx0N0
[
−
(
dϕ
N0dx0
)2
− ρ0(ϕ)
]
, (29)
dη = N0(x
0)dx0 −→ η =
x0∫
0
dx0N0(x
0), (30)
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here a(x0) is the cosmological scale factor, ϕ(x0) = ϕ0a(x
0), ρ0(ϕ) is the energy density of the
matter in a universe, V0 is a spatial volume, and N0 is the lapse function. This homogeneous ap-
proximation keeps the symmetry of the action and the interval with respect to reparametrizations
of the coordinate evolution parameter x0 → x0 = x0(x0). Recall that similar transformations
in the case of SR play the role of gauge transformations; gauge invariance determines observable
quantities of the type of energy, time-like variable and number of particles.
In the WDW cosmology this gauge symmetry means that the scale factor ϕ is the “time-
like variable” in the “field space of events” introduced by Wheeler and DeWitt in [13], and the
canonical momentum Pϕ is the corresponding Hamiltonian that becomes the energy Eϕ into
equations of motion.
The direct pathway from Hilbert’s SR to QFT of particles considered in Section 2 shows
us a similar direct pathway from Hilbert’s “Foundation of Cosmology” (29), (30) to “QFT” of
universes. This pathway includes:
1) Hamiltonian approach:
Scosmic−1915 =
∫
dx0
[
−Pϕ∂0ϕ− N0
4V0
(−P 2ϕ + E2ϕ)] , (31)
where
Eϕ = 2V0
√
ρ0(ϕ) (32)
is treated as the ”energy of a universe”,
2) constraining: P 2ϕ − E2ϕ = 0,
3) primary quantization: [Pˆ 2ϕ − E2ϕ]Ψ = 0, here Pˆϕ = −id/dϕ,
4) secondary quantization: Ψ = ([A+ +A−]/
√
2Eϕ),
5) Bogoliubov’s transformation: A+ = αB++β∗B−,
6) postulate of Bogoliubov’s vacuum : B−|0 >U= 0, and
7) cosmological creation of the “universes” from the Bogoliubov vacuum.
Let us carry out this programme in detail.
3.3. “Hamiltonian reduction”
In the cosmological model (31), there are two independent equations: the one of the lapse
function δScosmic−1915/δN0 = 0:
P 2ϕ = E
2
ϕ, (33)
treated as the energy constraint, and the equation of momentum δScosmic−1915/δPϕ = 0
Pϕ = 2V0ϕ
′, (34)
where ϕ′ = dϕdη . The constraint (33) has two solutions
P±ϕ = ±Eϕ = ±2V0
√
ρ(ϕ), (35)
where Eϕ, given by Eq. (32), is identified with the “one-universe energy”. The substitution of
these solutions into action (31) and interval (30) gives us their values
Scosmic−1915|Pϕ=P±ϕ = S
±
cosmic−1905 = ∓2V0
ϕ0∫
ϕ
dϕ˜
√
ρ0(ϕ˜), (36)
8
and
η(ϕ|ϕ0) = 2V0
ϕ0∫
ϕ
dϕ˜
P±ϕ
= ±
ϕ0∫
ϕ
dϕ˜√
ρ0(ϕ˜)
≡ ±(η0 − r), (37)
respectively. We called these values the “Hamiltonian reduction” of the geometric system (31),
(30). Eq. (37) is treated, in the observational cosmology [25, 26, 27, 28], as the conformal
version of the Hubble law. This law describes the relation between the redshift z+1 = ϕ0/ϕ(η)
of spectral lines of photons (emitted by atoms on a cosmic object at the conformal time η(ϕ|ϕ0) =
η) and the coordinate distance r = η0 − η of this object, where η0 is the present-day moment.
Thus, we see that WDW cosmology coincides with the Friedmann one ϕ′2 = ρ0(ϕ). Our task
is to consider the status of this Friedmann cosmology in QFT of universes obtained by the first
and the secondary quantization of the constraint (33).
3.4. QFT of universes
After the primary quantization of the cosmological scale factor ϕ: i[Pϕ, ϕ] = 1 the energy
constraint (33) transforms to the WDW equation
∂2ϕΨ+ E
2
ϕΨ = 0. (38)
This equation can be obtained in the corresponding classical WDW field theory for universes of
the type of the Klein – Gordon one:
SU =
∫
dϕ
1
2
[
(∂ϕΨ)
2 − E2ϕΨ2
] ≡ ∫ dϕLU. (39)
Introducing the canonical momentum PΨ = ∂LU/∂(∂ϕΨ), one can obtain the Hamiltonian form
of this theory
SU =
∫
dϕ {PΨ∂ϕΨ−HU} , (40)
where
HU =
1
2
[
P 2Ψ + E
2
ϕΨ
2
]
. (41)
is the Hamiltonian. The concept of the one-universe “energy” Eϕ gives us the opportunity to
present this Hamiltonian HU in the standard forms of the product of this “energy” Eϕ and the
“number” of universes
NU = A
+A−, (42)
HU = Eϕ
1
2
[
A+A− +A−A+
]
= Eϕ[NU +
1
2
] (43)
by means of the transition to the holomorphic variables
Ψ =
1√
2Eϕ
{A(+) +A(−)}, PΨ = i
√
Eϕ
2
{A(+) −A(−)}. (44)
The dependence of Eϕ on ϕ leads to the additional term in the action expressed in terms the
holomorphic variables
PΨ∂ϕΨ =
[
i
2
(A+∂ϕA
− −A+∂ϕA−)− i
2
(A+A+ −AA)△(ϕ)
]
, (45)
where
△(ϕ) = ∂ϕEϕ
2Eϕ
. (46)
The last term in (45) is responsible for the cosmological creation of “universes” from “vacuum”.
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3.5. Creation of universes
In order to define stationary physical states, including a “vacuum”, and a set of integrals of
motion, one usually uses the Bogoliubov transformations [5, 20] of the holomorphic variables of
universes (A+, A−):
A+ = αB++β∗B−, A− = α∗B−+βA+ (|α|2 − |β|2 = 1), (47)
so that the classical equations of the field theory in terms of universes
(i∂ϕ + Eϕ)A
+ = iA−△(ϕ), (i∂ϕ − Eϕ)A− = iA+△(ϕ), (48)
take a diagonal form in terms of “quasiuniverses” B+, B−:
(i∂ϕ + EB(ϕ))B
+ = 0, (i∂ϕ − EB(ϕ))B− = 0. (49)
The diagonal form is possible, if the Bogoliubov coefficients α, β in Eqs. (47) satisfy to equations
(i∂ϕ +Eϕ)α = iβ△(ϕ), (i∂ϕ − Eϕ)β∗ = iα∗△(ϕ). (50)
For the parametrization
α = eiθ(ϕ) cosh r(ϕ), β∗ = eiθ(ϕ) sinh r(ϕ), (51)
where r(ϕ), θ(ϕ) are the parameters of “squeezing” and “rotation”, respectively, Eqs. (50)
become
(i∂ϕθ − Eϕ) sinh 2r(ϕ) = −△(ϕ) cosh 2r(ϕ) sin 2θ(ϕ), ∂ϕr(ϕ) = △(ϕ) cos 2θ(ϕ), (52)
while “energy” of “quasiuniverses” in Eqs. (49) is defined by expression
EB(ϕ) =
Eϕ − ∂ϕθ(ϕ)
cosh 2r(ϕ)
. (53)
Due to Eqs. (49) the “number” of “quasiuniverses” NB = (B+B−) is conserved
dNB
dϕ
≡ d(B
+B−)
dϕ
= 0. (54)
Therefore, we can introduce the “vacuum” as a state without “quasiuniverses”:
B−|0 >U= 0. (55)
A number of created “universes” from this Bogoliubov vacuum is equal to the expectation value
of the operator of the “number of universes” (42) over the Bogoliubov vacuum
NU(ϕ) = U < A
+A− >U≡ |β|2 = sinh2 r(ϕ), (56)
where β is the coefficient in the Bogoliubov transformation (47), and NU(ϕ) is called the “dis-
tribution function”. Introducing the “rotation function”
RU(ϕ) = i(αβ
∗ − α∗β) ≡ U < PΨΨ >U, (57)
one can rewrite the Bogoliubov equations of the diagonalization (50) in the form of (24)
dNU
dϕ
= △(ϕ)
√
4NU(NU + 1)−R2U,
dRU
dϕ
= −2Eϕ
√
4NU(NU + 1)−R2U.
(58)
It is natural to propose that at the moment of creation of the universe ϕ(η = 0) = ϕI both these
functions are equal to zero NU(ϕ = ϕI) = RU(ϕ = ϕI) = 0. This moment of the conformal time
(37) η = 0 is distinguished by the vacuum postulate (55) as the beginning of a universe.
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3.6. Quantum anomaly of conformal time
As we have seen in the case of a particle in Section 2.4., the postulate of a vacuum as a state
with minimal “energy” restricts the motion of a “universe” in the space of events, so that a
“universe” with Pϕ+ moves forward and with Pϕ− backward.
Pϕ+ → ϕI ≤ ϕ0; Pϕ− → ϕI ≥ ϕ0. (59)
If we substitute this restriction into the interval (37)
η(Pvh+) =
ϕ0∫
ϕI
dϕ√
ρ0(ϕ)
; ϕI ≤ ϕ0, (60)
η(Pϕ−) =
ϕI∫
ϕ0
dϕ√
ρ0(ϕ)
; ϕI ≥ ϕ0, (61)
one can see that the geometric interval in both cases is positive. In other words, the stability of
quantum theory as the vacuum postulate leads to the absolute point of reference of this interval
s = 0 and its positive arrow. In QFT the initial datum ϕI is considered as a point of creation or
annihilation of universe. One can propose that the singular point ϕ = 0 belongs to antiuniverse.
In this case, a universe with a positive energy goes out of the singular point ϕ = 0.
In the model of rigid state ρ = p, where Eϕ = Q/ϕ Eqs. (58) have an exact solution
NU =
1
4Q2 − 1 sin
2
[√
Q2 − 1
4
ln
ϕ
ϕI
]
6= 0, (62)
where
ϕ = ϕI
√
1 + 2HIη (63)
and ϕI ,HI = ϕ
′
I/ϕI = Q/(2V0ϕ
2
I) are the initial data.
We see that there are results of the type of the arrow of time and absence of the cosmological
singularity (60), which can be understood only on the level of quantum theory [21, 22, 23].
4. General Relativity as a microscopic theory of superfluidity
4.1. “Foundation of Physics” in terms of Fock’s simplex of reference
General Relativity (GR) [2, 1] is given by two fundamental quantities: the “dynamic” action
(26)
S[ϕ0|F ] =
∫
d4x
√−g
[
−ϕ
2
0
6
R(g) + L(M)(ϕ0|g, f)
]
, (64)
where ϕ20 =
3
8piM
2
Planck is the Newton constant, L(M) is the Lagrangian of the matter field f ,
F = (g, f), and “geometric interval” (27)
gµνdx
µdxν ≡ ω(α)ω(α) = ω(0)ω(0) − ω(1)ω(1) − ω(2)ω(2) − ω(3)ω(3), (65)
where ω(α) linear differential forms introduced by Fock [12] as components of an orthogonal
simplex of reference.
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Hilbert’s “Foundation of Physics” in terms of Fock’s simplex (64), (65) contains two princi-
ples of relativity: the “geometric” — general coordinate transformations
xµ → x˜µ = x˜µ(x0, x1, x2, x3), ω(α)(xµ) → ω(α)(x˜µ) = ω(α)(xµ) (66)
and the “dynamic” principle formulated as the Lorentz transformations of an orthogonal simplex
of reference
ω(α) → ω(α) = L(α)(β)ω(β). (67)
The latter are considered as transformations of a frame of reference.
Fock’s separation of the frame transformations (67) from the gauge ones (66) [12] allows us
to consider GR and SR on equal footing. Therefore, we shall try to reconstruct a direct pathway
from Hilbert’s geometric formulation of GR to Quantum Gravity through Dirac’s Hamiltonian
reduction and Bogoliubov transformations:
GR-1915 SR-1915
⇓ ⇓ ⇐ reduction
GR-1905 SR-1905
⇓ ⇓ ⇐ quantization
QFT of universes QFT of particles
Let us consider this pathway that was almost passed by Fock, Dirac, and other physics.
4.2. The Dirac – ADM frame
The Hamiltonian approach to GR is formulated in the frame of reference given by Fock’s simplex
of reference in terms of the Dirac variables [14]
ω(0) = ψ
6Nddx
0, ω(b) = ψ
2e(b)i(dx
i +N idx0); (68)
here triads e(a)i form the spatial metrics with det |e| = 1.
4.3. Wheeler-DeWitt relativistic universe
A “universe” is a solution of the Einstein equations that describes a hypersurface in the “field
space of events” identified with the set of all field variables F = (g, f) [13] in a specific frame of
reference (68). There are two types of the variational equations: six equations of motion
δS
δψ
= 0,
δS
δe(a)i
= 0 (69)
and four constraints
δS
δNd
= 0,
δS
δNk
≡ T 0k t(ϕ0|F ) = 0. (70)
The general solution of these equations should be given in the class of functions of the gauge
transformations in terms of the Dirac gauge-invariant observables in each frame of reference,
so that the “dynamic principle” is formulated as independence of equations of motion (but not
their solutions) on a choice of a frame of reference, and the “geometric principle” is treated in
[6, 16] as the gauge invariance of observables.
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4.4. Zel’manov’s class of functions of the gauge transformations
Zel’manov established in [15] that a frame of reference determined by forms (68) is invariant
with respect to transformations
x0 → x˜0 = x˜0(x0); xi → x˜i = x˜i(x0, x1, x2, x3) , (71)
N˜d = Nd
dx0
dx˜0
; N˜k = N i
∂x˜k
∂xi
dx0
dx˜0
− ∂x˜
k
∂xi
∂xi
∂x˜0
. (72)
This group of transformations conserves a family of hypersurfaces x0 = const., and it calls the
“kinemetric” subgroup of the group of general coordinate transformations. The “kinemetric”
subgroup contains reparametrizations of the coordinate evolution parameter.
The reparametrization of the coordinate evolution parameter (x0) means that this specific
frame of reference (68) should be redefined by pointing out two “Dirac observables”: “time-like
variable” in the “field space of events” and the “time” as a “geometric interval” [6, 7, 20].
4.5. Cosmological scale factor as zero mode of the momentum constraints
One of the main problems of the Hamiltonian approach to GR is to pick out the global variable
which can play the role of “time-like variable”. There is a lot of speculations on this subject
[6, 7, 20, 30, 31]. In [6, 7, 20] one proposed to identify this “internal evolution parameter” with
the cosmological scale factor a(x0) considered as a zero mode of the momentum constraints (70)
T 0k t(F ) = 0 [6, 16, 23] given in the class of functions of Zel’manov’s gauge transformations (71)
that includes homogeneous functions a(x0).
Separation of real dynamical variables from nondynamical ones is the crucial step in extract-
ing the relevant physical information from the gauge theories. The usual method for achieving
this purpose — by imposing a gauge–fixing condition, might not be always adequate to the
dynamical content of the classical equations of motion. Another possibility, offered by Dirac
[16], consists in introduction of gauge invariant dynamical variables through an explicit solu-
tion of the Gauss equation. Such an explicit solution might contain some additional physical
information which is implicitly lost by the gauge fixing. This can be seen even on the simplest
example of the two–dimensional QED [23], where the Gauss constraint ∂1E(x
0, x1) = 0 has a
nontrivial homogeneous solution E(x0, x1) = E0(x
0) that determines the topological structure
and energy spectrum of the theory; and this solution is called “zero mode”. There is a similar
nontrivial homogeneous solution of the constraint (70) T 0k t(ϕ0|F ) = 0 in GR.
Constraints T 0k t(ϕ0|F ) = 0 are invariant with respect to the Lichnerowicz scale transforma-
tion [32]: F (n) = an(x0)F (n), where (n) is the conformal weight of a field: T
0
k t(ϕ|F ) = T 0k t(ϕ0|F ),
like the Gauss constraint in two–dimensional QED [23] ∂1E(x
0, x1) = 0 is invariant with respect
to the transformation E(x0, x1) = E0(x
0) + E(x0, x1). Therefore, in the Hamiltonian approach
to GR, the scale a(x0) is considered as a “zero mode” of the momentum constraints in the
definite frame of reference.
Thus, a general solution of constraints T 0k t(ϕ0|F ) = 0 in the class of functions (71) can be
written in the form of the Lichnerowicz scale transformation [32]. In particular, the spatial
metric determinant takes the form ψ2 = a(x0)ψ
2
. The last equation can be treated as the
decomposition of the logarithm of spatial metric determinant in the form of a sum of zero-
Fourier harmonics
〈
logψ2
〉 ≡ ∫ d3x logψ2/V0 (where V0 = ∫ d3x < ∞ is a finite volume) and
nonzero ones distinguished by the identity∫
d3x logψ
2
=
∫
d3x
[
logψ2 − 〈logψ2〉] ≡ 0. (73)
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4.6. Separation of the zero mode by Lichnerowicz’s transformation
In order to find values of the action (64) into resolutions of constraints gµν = a
2(x0)gµν , we
redefine a specific frame of reference (68) by the Lichnerowicz scale transformation F (n) =
an(x0)F (n). The Einstein – Hilbert action (64) after the scale transformation takes form
S[ϕ0|F ] = S[ϕ|F ] +
∫
dx0ϕ∂0
[
∂0ϕ
N0
]
, (74)
where N0(x
0)
−1
= V −10
∫
V0
d3xN
−1
d (x
0, xi) ≡
〈
N
−1
d
〉
is the averaging of the inverse lapse func-
tion Nd over spatial volume V0 =
∫
d3x,
S[ϕ|F ] =
∫
d4x
[
K[ϕ|g]−P[ϕ|g] + S[g] + L(M)(ϕ|F )
]
(75)
is the action (64), where [ϕ0|F ] is replaced by [ϕ|F ]; here ϕ(x0) = ϕ0a(x0) is the running scale
of all masses of the matter field,
K[ϕ|g] = ϕ2Nd
[
−4vψ2 +
v2(ab)
6
]
]
, (76)
P[ϕ|g] = ϕ
2ψ7
6
[
(3)R(e)ψ + 8△ψ
]
, (77)
S[ϕ|g] = 2ϕ2
[
∂0vψ − ∂l(N lvψ)
]
− ϕ
2
3
∂j [ψ
2
∂j(ψ
6
Nd)]; (78)
are the kinetic, potential, and “quasi–surface” terms respectively,
v(ab) =
1
2
(
e(a)iv
i
(b) + e(b)iv
i
(a)
)
, vi(a) =
1
Nd
[
(∂0 −N l∂l)ei(a) + ∂(a)N i −
ei(a)
3
∂lN
l
]
(79)
are velocities of triads e(a)i,
(3)R(e) is the curvature of the triads, and
vψ =
1
Nd
[
(∂0 −N l∂l) lnψ − 1
6
∂lN
l
]
(80)
is the trace of the “second form”.
The last term in Eq. (74) determines the “time as interval” in Dirac’s frame (68)
dζ = N0(x
0)dx0; ζ(x0) =
x0∫
dx0N0(x
0). (81)
4.7. Avoiding double counting of canonical momenta
Neglecting total time derivatives, we keep in Eq. (74) only the part of Lagrangian describing
the spatial metric determinant:
LSD = −
∫
d3xNd
[
4ϕ2 (vψ)
2 + 4ϕ vϕ vψ + (vϕ)
2
]
, (82)
where vϕ = ∂0ϕ/Nd, the first term in the Lagrangian arises from the kinetic part K[ϕ|g] in Eq.
(75), the second goes from the “quasi-surface” one (78), and the third term goes from the second
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one in Eq. (74). The canonical momentum of the scale factor can be obtained by variation of
Lagrangian (82) with respect to the time derivative of scale factor ∂0ϕ:
Pϕ ≡ ∂LSD
∂(∂0ϕ)
= −
∫
d3x [4ϕ vψ + 2vϕ] ≡ −[4ϕVψ + 2Vϕ],
while the zero Fourier harmonics of a canonical momentum of the spatial metric determinant is
Pψ ≡ −
∫
d3x
∂LSD
∂(∂0 logψ)
= −
∫
d3xp¯ψ =
∫
d3x
[
8ϕ2vψ + 4ϕ vϕ
] ≡ −2ϕ[4ϕVψ + 2Vϕ],
where Vϕ =
∫
d3x vϕ, Vψ =
∫
d3x vψ. These two equations have no solutions, as the matrix
of the transition from “velocities” to momenta has the zero determinant. This means that the
“velocities” [Vϕ, Vψ] could not be expressed in terms of the canonical momenta [Pϕ, Pψ ] and the
Dirac Hamiltonian approach becomes a failure. To be consistent with identity (73) and to keep
the number of variables of GR, we should impose the strong constraint
Vψ ≡
∫
d3xvψ ≡ 0, (83)
otherwise we shall have the double counting of the zero-Fourier harmonics of spatial metric
determinant.
What is double counting? A “double counting” is replacement of L1 = (x˙)
2/2 by L2 =
(x˙ + y˙)2/2. The second theory is not mathematically equivalent to the first. The test of this
nonequivalence is the failure of the Hamiltonian approach to L2 = (x˙ + y˙)
2/2. Therefore, the
replacement L1 → L2 is nonsense in the context of the Hamiltonian approach.
The next example is Lifshitz’s perturbation theory given by Eq. (3.21) p. 217 in [19]
ds2 = a2(η)[(1 + 2Φ)dη2 − (1− 2Ψ)γijdxidxj ]
This formula contains the double counting of the zero Fourier-harmonics of the spatial metrics
determinant presented by two variables: the scale factor a and < Ψ >=
∫
d3xΨ(η, xi) instead
of one.
If we impose the strong constraint
< Ψ >=
∫
d3xΨ(η, xi) ≡ 0; < PΨ >=
∫
d3x∂L(2)/∂Ψ˙(η, xi) ≡ 0,
in order to remove the “double counting”, we shall return back to the Einstein theory (64). In
the Einstein theory, instead of the equations of Ψ and Φ (4.15) on p. 220 in [19]
−3H(HΦ+Ψ′) +△Ψ =4piGδT 00 (84)
3[(2H′ +H2)Φ +HΦ′ +Ψ′′ + 2HΨ′] +△(Φ−Ψ) =− 4piG δT ii ,
where 4piG = 3/(2ϕ2), H = a′/a, and △ = ∂2i , we shall obtain in Section 4.10 the equations
△Ψ = 4piG δT 00 (85)
△(Φ−Ψ) =− 4piG δT ii . (86)
These Einstein equations will not contain the time derivatives that are responsible for the “pri-
mordial power spectrum” in the inflationary model [19].
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4.8. Hamiltonian approach
The Hamiltonian action of GR (74), (75) in the field space [ϕ|F ] takes the form [6, 7]
S =
∫
dx0
[
−Pϕ∂0ϕ+N0
P 2ϕ
4V0
+
∫
d3x
(∑
F
PF∂0F + C −NdHt
)]
, (87)
where PF is the set of the field momenta pψ, p
i
(a), pf ; the sum of constraints C = N(a)T 0(a)t +
C0pψ + C(a)∂ke
k
(a) contains the weak Dirac constraints of transversality ∂ie
i
(a) ≃ 0 and the
minimal space-like surface [14] pψ = 8ϕ
2vψ ≃ 0 with the Lagrangian multipliers C0, C(a);
Ht = 1
ϕ2
[
6p(ab)p(ab) − 16pψ2
]
+
ϕ2ψ
7
6
[
(3)R(e)ψ + 8△ψ
]
+ ψ
4
T 00(M) (88)
is the Dirac Hamiltonian density [14] in terms of p(ab) =
[
pi(a)e(b)i + p
i
(b)e(a)i
]
/2,
T 0(a)t
= −pψ∂(a)ψ +
1
6
∂(a)(pψψ)− ∂(b)p(ba) − p(bc)e(c)i(∂(b)ei(a) − ∂(a)ei(b)) + T 0(a)(M) , (89)
and T 00(M), T
0
k(M) are components of the energy–momentum tensor in terms of the York conformal
fields F
(n)
Y = (aψ
2)nF (n) [30].
The gauge-invariant lapse function Nd/N0 = N and the spatial metric determinant ψ can
be determined by their equations for both the zero Fourier harmonic 〈F 〉 and the nonzero ones
F = F − 〈F 〉:〈
Nd
δS[ϕ]
δNd
〉
= 0 ||=⇒ ϕ′2 = ρt, Nd δS[ϕ]
δNd
= 0 ||=⇒ ρtN = NHt, (90)
〈
ψ
δS[ϕ]
2δψ
〉
= 0 ||=⇒ (ϕ2)′′ = 3(ρt − pt), ψ δS[ϕ]
2δψ
= 0 ||=⇒ AˆN = 0, (91)
where ϕ′ ≡ dϕ/dζ, ρt ≡ 〈NHt〉 and pt = 〈Nψ4T kk t〉/3 are the energy density and pressure of all
fields, respectively; and Aˆ is a differential operator:
AˆN ≡ 2ϕ
2
3
[
((3)R(e)ψ
8
+8ψ
7△ψ)N+∂j[ψ2∂j(ψ6N )]
]
+ψ
4
[3T 00(M)−T kk(M)]N .
Equations (90) and (91) show us that their zero harmonics coincide with the conformal version
of the Friedmann equations with the scale factor a = ϕ/ϕ0 [6]. In this case the Hamiltonian
cosmological perturbation theory does not require its convergence to be proved because the
perturbations are in a different class of functions (with nonzero Fourier harmonics) than the
cosmological dynamics described by the equations in the zero harmonic sector.
4.9. Dirac’s Hamiltonian reduction
The energy constraints (90) have solutions
Pϕ(±) = ±2V0ϕ′ = ±2V0〈
√
Ht〉, N = 〈
√
Ht〉/
√
Ht (92)
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expressing the reduced Hamiltonian Pϕ(±) and lapse function N through the field energy density
Ht given by Eq. (88). If we substitute these solutions into the action (87) and solve the first
equation of Pϕ with respect to the time ζ, we obtain the “reduced action“ and “interval” (81):
S±[ϕ|ϕ0]|constraint =
ϕ0∫
ϕ
dϕ
{∫
d3x
[∑
F
PF∂ϕF + C¯ ∓ 2
√
Ht
]}
, (93)
ζ±[ϕ|ϕ0]|constraint = ±
ϕ0∫
ϕ
dϕ
〈√Ht〉
, (94)
where C¯ = C/∂0ϕ and ϕ0 is the present-day datum. Action (93) determines the evolution of
fields directly in terms of the redshift parameter connected with the scale factor ϕ by the relation
ϕ = ϕ0/(1+z) and interval (94) gives the Friedmann-like cosmic evolution. The Dirac constraint
pψ = 0 in Eq. (88) leads to the Hermitian reduced Hamiltonian. The Dirac Hamiltonian
“reduction” of the GR action (26) onto its values (93) obtained by the explicit resolution of the
energy constraints determines main concepts of the primary quantization and secondary one,
whereas the “reduced interval” (94) gives us the opportunity to clear up the status of the Hubble
evolution in the Hamiltonian theory. As we have seen in Section 3, the corresponding quantum
theory describing the cosmological creation of a universe from the Bogoliubov stable vacuum
explains the absolute beginning of time and removes a cosmological singularity. In other words,
there are reasons to treat the evolution of the cosmological scale factor as a quantum collective
motion of a system of all fields as the whole of the type of the phenomenon of “superfluidity”
[3, 4, 5].
4.10. Hamiltonian cosmological perturbation theory
The Hamiltonian cosmological perturbation theory [33] is defined using the decomposition of
the forms (68)
ω(0) = a(1 + Φ)dη, ω(a) = a(1−Ψ)(dx(a) + h(TT )(a)i dxi +N(a)dη), (95)
where a = ϕ/ϕ0 is the cosmological factor, N(a) = ∂(a)σ+N
(T )
(a) . We take into account the Dirac
constraints of transversality ∂ih
(TT )
(a)i = 0 and minimal surface pψ = 8ϕ
2vψ ≃ 0, where vψ is given
by Eq. (80). The latter defines the longitudinal shift vector (95):
N
||
(a) = ∂(a)σ; △σ = −
3
4
Ψ′. (96)
Therefore, there are six independent components: two scalars Φ and Ψ, two vector ones N
(T )
(a) ,
and two tensor ones h
(TT )
(a)i .
The cosmological perturbations of the metric components are defined in the class of functions
with the nonzero Fourier harmonics Φ˜(k) =
∫
d3xΦ(x)eikx (satisfying the strong constraint∫
d3xΦ(x) ≡ 0).
In the approximation
ϕ2k2 ≫ ρs = 〈T 00(M)〉 ≫ δT 00 = (T 00(M) − 〈T 00(M)〉);
ϕ2k2 ≫ 3ps = 〈T kk(M)〉 ≫ δT kk = (T kk(M) − 〈T kk(M)〉),
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six equations of the theory for the scalar, vector, and tensor components take form
△Ψ = 4piG δT 00 , (97)
△Φ = 4piG (δT 00 − δT jj ), (98)
1
4
△NTj = −4piGδT 0 (T )j , (99)
1
8
[
−△h(TT )ij +
(ϕ2hTTij
′
)
′
ϕ2
]
= 4piG δT TTij , (100)
where ∂iδT
(TT )
ij = 0, δT
(TT )
ii = 0, ∂jδT
0 (T )
j = 0, and 4piG = 3/(2ϕ
2) is running Newton
coupling “constant”.
Eqs. (97) and (98) differ from the standard cosmological perturbation theory [17, 19] by the
absence of the time derivative of deviations of the linear spatial metric determinant Ψ and lapse
function Φ (see Eqs. (4.15) in [19]). These time derivatives, in the Lifshitz perturbation theory
[17, 19], go from the kinetic term K and from the zero Fourier harmonics of the trace of second
form. In the Hamiltonian perturbation theory (with the Dirac minimal surface pψ = 0 that leads
to the Hermitian Hamiltonian in the field space of events [ϕ|F ]), the kinetic term K in action
(75) contributes only to the next orders of the perturbation theory, while the “quasi–surface”
term (
∫
d3xS) was removed from action (75) in order to formulate the Hamiltonian approach to
GR without the double counting of the scale factor velocity. The potential term P leads only
to the spatial derivatives.
The solutions of (97) and (98) take the form of standard classical solutions with the Newton
gravitational constant G = 3/8piϕ2 (see Eqs. (85) and (86)):
Ψ˜ = −4piG
k2
δT˜ 00 ; Φ˜ = −
4piG
k2
[
δT˜ 00 − δT˜ kk
]
. (101)
The minimal surface pψ = 0 (96) gives the shift of the coordinate origin in the process of
evolution, in particular, in the case of a point source δT 00 = MJ [δ
3(x− yJ)− 1/V0], we got the
shift vector:
N i = −3(GMJ )
′
4
(x− yJ)i
|x− yJ | . (102)
Interval (95) determines an equation for the photon momenta
pµpνg
µν ≃ (p0 +N ipi)2(1− 2Φ)− p2j (1 + 2Ψ) = 0, (103)
from which we obtain a photon energy
p0 ≃ −N ipi + [1 + (Φ + Ψ)]|p|; |p| =
√
p2i . (104)
This formula shows us the relative magnitude of spatial fluctuations of a photon energy in terms
of the metric components p0 − |p|/|p| = −[N ini + (Φ + Ψ)], ni = pi/|p|. The appearance of
the spatial anisotropy (102) in the flow of the photon energy is the consequence of the minimal
surface pψ = 0, and this anisotropy (103) can be taken account in order to describe the spectrum
of CMB temperature fluctuation.
4.11. Bogoliubov’s quantum Gravity
Quantum theory for GR is based, on the one hand, on the existence of the Hilbert geometric
formulation [1] of Special Relativity considered in Section 2 as the simplest model of GR and, on
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the other hand, on the contemporary quantum field theory appearing as a result of resolution
of the energy constraint and its primary and secondary quantizations.
Resolution of the energy constraint leads to the “Hamiltonian reduction” of the Hilbert
geometric action (93), and it determines the “reduced energy” Eϕ = 2V0〈
√Ht〉 as the central
concept of the primary quantization PˆϕΨ = −i∂ϕΨ. The primary quantization converts the
energy constraint P 2ϕ − E2ϕ = 0 into the WDW equation: ∂2ϕΨ+ E2ϕΨ = 0 [13].
The next step is the secondary quantization, where Ψ = [A+ + A−]/(
√
2Eϕ) is considered
as a “quantum field” with “one-universe energy” Eϕ. We have seen in Section 3 that the
Bogoliubov transformation A+ = αB++β∗B− [5] of operators of “universe” A+, A− to ones
of “quasiuniverse” B+, B− allows as to postulate the vacuum as a stable state of the minimal
energy B−|0 >U= 0, to find conserved numbers of “quasiuniverses”NB = (B+B−) and calculate
a distribution function of creation of the “universe” NU(ϕ) = U < A
+A− >U≡ |β|2 and the
“rotation function” RU = i(α
∗β − αβ∗) satisfying equations [20]:
dNU
dϕ
= −∂ϕEϕ
4E2ϕ
dRU
dϕ
,
dRU
dϕ
= −2Eϕ
√
4NU(NU + 1)−R2U (105)
with the initial data NU(ϕ = ϕI) = RU(ϕ = ϕI) = 0.
The “vacuum” postulate restricts the motion of the universe in the field space of events
[ϕ|F ]: a universe moves forward ϕ > ϕI for positive energy Pϕ ≥ 0 (creation of a universe), and
a universe moves backward ϕ < ϕI for for negative Pϕ ≤ 0 (annihilation of a universe), where
ϕI is the initial data. This restriction leads to positive arrow of the “interval” (94) ζ± ≥ 0 and
its absolute beginning [6].
4.12. Einstein’s correspondence principle and relative units
Einstein’s correspondence principle [6] as the low-energy expansion of the “reduced action” (93)
over the field density T 0s0
dϕ2
√
Ht = dϕ2
√
ρ0(ϕ) + T 0s0 = dϕ
[
2
√
ρ0(ϕ) + T 0s0/
√
ρ0(ϕ)
]
+ ...
gives the sum: S(+)[ϕI |ϕ0]|constraint = S(+)cosmic+S(+)field+. . ., where S(+)cosmic[ϕI |ϕ0] = −2V0
ϕ0∫
ϕI
dϕ
√
ρ0(ϕ)
is the reduced cosmological action (36), and
S
(+)
field =
η0∫
ηI
dη
∫
d3x
[∑
F
PF∂ηF + C¯ − T 0s0
]
(106)
is the standard field action in terms of the conformal time: dη = dϕ/
√
ρ0(ϕ), in the conformal
flat space–time with running masses m(η) = a(η)m0 that describes the cosmological particle
creation from vacuum [20].
This expansion shows us that the Hamiltonian approach identifies the “conformal quantities”
with the observable ones including the conformal time dη, instead of dt = a(η)dη, the coordinate
distance r, instead of Friedmann one R = a(η)r, and the conformal temperature Tc = Ta(η),
instead of the standard one T . Therefore the correspondence principle distinguishes the confor-
mal cosmology (CC) [25, 26], instead of the standard cosmology (SC). In this case the red shift
of the spectral lines of atoms on cosmic objects
Eemission
E0
=
matom(η0 − r)
matom(η0)
≡ ϕ(η0 − r)
ϕ0
= a(η0 − r) = 1
1 + z
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Figure 1: The Hubble diagram [27, 28] in cases of the “absolute” units of standard cosmology
(SC) and the “relative” ones of conformal cosmology (CC). The points include 42 high-redshift
Type Ia supernovae [34] and the reported farthest supernova SN1997ff [35]. The best fit to these
data requires a cosmological constant ΩΛ = 0.7 ΩColdDarkMatter = 0.3 in the case of SC, whereas
in CC these data are consistent with the dominance of the rigid (stiff) state.
is explained by the running masses m = a(η)m0 in action (106).
The conformal observable distance r loses the factor a, in comparison with the nonconformal
one R = ar. Therefore, in the case of CC, the reduced interval (37) describing the redshift –
coordinate-distance relation [26] corresponds to a different equation of state than in the case
of SC. The best fit to the data, including Type Ia supernovae [34, 35], requires a cosmological
constant ΩΛ = 0.7, ΩColdDarkMatter = 0.3 in the case of the Friedmann “absolute quantities“ of
standard cosmology. In the case of “conformal quantities” in CC, the Supernova data [34, 35] are
consistent with the dominance of the stiff (rigid) state, ΩRigid ≃ 0.85±0.15, ΩMatter = 0.15±0.15
[26, 27, 28]. If ΩRigid = 1, we have the square root dependence of the scale factor on conformal
time a(η) =
√
1 + 2H0(η − η0). Just this time dependence of the scale factor on the measurable
time (here – conformal one) is used for description of the primordial nucleosynthesis [28, 36].
This stiff state is formed by a free scalar field when Eϕ = 2V0
√
ρ0 = Q/ϕ. Just in this case
there is an exact solution of Bogoliubov’s equations (62)
NU(ϕ0) =
1
4Q2 − 1 sin
2
[√
Q2 − 1
4
ln
ϕ0
ϕI
]
6= 0, (107)
where the Planck mass ϕ0 = ϕI
√
1 + 2HIη0 belongs to the present-day data η = η0 and ϕI ,HI =
ϕ′I/ϕI = Q/(2V0ϕ
2
I) are the initial data.
4.13. Cosmological creation of matter
These initial data ϕI and HI are determined by the parameters of matter cosmologically created
from the Bogoliubov vacuum at the beginning of a universe η ≃ 0.
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Figure 2: Longitudinal (NZ(x)) components of the boson distribution versus the dimensionless
time τ = 2ηHI and the dimensionless momentum x = q/MI at the initial dataMI = HI (γv = 1)
[37, 38].
The Standard Model (SM) density T 0s0 in action (106) shows us that W-, Z- vector bosons
have maximal probability of this cosmological creation due to their mass singularity [37]. One
can introduce the notion of a particle in a universe if the Compton length of a particle defined by
its inverse mass M−1I = (aIMW)
−1 is less than the universe horizon defined by the inverse Hub-
ble parameter H−1I = a
2
I (H0)
−1 in the stiff state. Equating these quantities MI = HI one can
estimate the initial data of the scale factor a2I = (H0/MW)
2/3 = 1029 and the primordial Hubble
parameter HI = 10
29H0 ∼ 1mm−1 ∼ 3K. Just at this moment there is an effect of intensive cos-
mological creation of the vector bosons described in [37]; in particular, the distribution functions
of the longitudinal vector bosons demonstrate us a large contribution of relativistic momenta,
as it was shown in Fig. 2. Their conformal (i.e. observable) temperature Tc (appearing as a
consequence of collision and scattering of these bosons) can be estimated from the equation in
the kinetic theory for the time of establishment of this temperature η−1relaxation ∼ n(Tc)×σ ∼ H,
where n(Tc) ∼ T 3c and σ ∼ 1/M2 is the cross-section. This kinetic equation and values of the
initial data MI = HI give the temperature of relativistic bosons
Tc ∼ (M2I HI)1/3 = (M20H0)1/3 ∼ 3K (108)
as a conserved number of cosmic evolution compatible with the Supernova data [26, 34, 35]. We
can see that this value is surprisingly close to the observed temperature of the CMB radiation
Tc = TCMB = 2.73 K.
The primordial mesons before their decays polarize the Dirac fermion vacuum (as the origin
of axial anomaly [21, 22, 23, 24]) and give the baryon asymmetry frozen by the CP – violation.
The value of the baryon–antibaryon asymmetry of the universe following from this axial anomaly
was estimated in [37] in terms of the coupling constant of the superweak-interaction
nb/nγ ∼ XCP = 10−9. (109)
The boson life-times τW = 2HIηW ≃
(
2
αg
)2/3 ≃ 16, τZ ∼ 22/3τW ∼ 25 determine the present-
day visible baryon density
Ωb ∼ αg = αQED/ sin2 θW ∼ 0.03. (110)
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This baryon density as a final product of the decay of bosons with momentum q and energy
ω(η) = (M2(η) + q2)1/2 oscillates as cos
[
2
∫ η
0 dη¯ω(η¯)
]
[37]. One can see [38] that the number of
density oscillations of the primordial bosons during their life-time for the momentum q ∼ MI
is of order of 20, which is very close to the number of oscillations of the visible baryon matter
density recently discovered in researches of large scale periodicity in redshift distribution [39, 40]
[H0 × 128 MPc]−1 ∼ 20÷ 25 ∼ (αg)−1. (111)
The results (108), (109), (110), (111) testify to that all visible matter can be a product of decays
of primordial bosons with the oscillations forming a large-scale structure of the baryonic matter.
The temperature history of the expanding universe copied in the “conformal quantities”
looks like the history of evolution of masses of elementary particles in the cold universe with
conformal temperature Tc = a(η)T of the cosmic microwave background.
4.14. The Dark Matter problem
In the considered model, galaxies and their clusters are formed by the Newton Hamiltonian with
running masses E(η) = p2/2m(η) − rg(η)m(η)/2r, where the Newton coupling rg(η)m(η)/2 =
rg(η0)m(η0)/2 is a motion constant. One can see that the running masses lead to the effect of
the capture of an object by a gravitational central field at the time when E(ηcapture) = 0. After
the capture the conformal size of the circle trajectories decreases as r(η) = R0/a(η), R0 = const.
The running masses change the orbital curvatures [41]
vorbital(R0) =
√
rg
2R0
+ γ(R0H)2, (112)
where
γ = 2− 3
2
ΩMatter − 3ΩΛ
is determined by the equation of state. We can see that in the case of the stiff state of the
conformal cosmology, when ΩMatter = ΩΛ = 0 and γ = 2, the cosmological evolution plays the
role of the Dark Matter, and it can explain the deficit of the luminous matter M/ML ∼ 102,
where ML stands for the mass of luminous matter, in superclusters with a mass M ≥ 1015M⊙,
R & 5Mpc [41], where the Newton velocity becomes less than the cosmic one. In the case of
standard cosmology: ΩMatter = 0.3, ΩΛ = 0.7, the last term is negative γ = −1/2. Thus, the
standard cosmology requires one more Dark Matter in contrast to the conformal cosmology [26].
However the cosmological modification of the Newton dynamics given by Eq. (112) is not
sufficient to explain the constant orbital velocities in spiral galaxies1.
5. Conclusion
We have seen that GR could pass along the pathway of quantum field theory through the Dirac
reduction and the Bogoliubov transformation (see the table on p. 12), in order to describe the
cosmological creation of universes (105). This pathway includes the zero mode of a general
resolution of constraints in the class of functions of gauge transformations (as the global homo-
geneous excitation of the type of Landau superfluid liquid), the WDW unique wave function as
1The cylindric symmetry of matter sources in spiral galaxies points out that their gravitational potential can
be the two-dimensional Newton one △(2)Φ = (1/2l)δ
2(x) with the length of an axis 2l [41]. This potential leads
to the corresponding orbital velocity v2orbital(R0) = rg/
(
2
√
l2 +R20
)
, and it can explain the constant rotational
curves for spiral galaxies in the region R0 . l in the case of Ωb ∼ 5%.
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London’s attribute of superfluidity, the postulate of the quantum Bogoliubov vacuum leading to
the absolute beginning of geometric time, the Einstein correspondence principle identifying the
conformal quantities with the “measurable” ones, and the uncertainty principle for establishing
the point of the beginning of the cosmological creation of the primordial W-, Z- bosons from
vacuum due to their mass singularity.
The Hamiltonian approach revealed the double counting of the cosmological scale factor in
the standard Lifshitz perturbation theory. It means that this standard perturbation theory does
not coincide with the Einstein theory. Avoiding this double counting, in order to return back
to GR, we have obtained new Hamiltonian equations. These equations do not contain the time
derivatives that are responsible for the “primordial power spectrum” in the inflationary model
[19]. However, Dirac’s Hamiltonian approach to GR gives us another possibility to explain
this “spectrum” and other topical problems of cosmology by the cosmological creation of the
primordial W-, Z- bosons from vacuum when their Compton length coincides with the universe
horizon.
The equations describing the longitudinal vector bosons in SM, in this case, are close to the
equations of the inflationary model used for description of the “power primordial spectrum” of
the CMB radiation. We listed the set of theoretical and observational arguments in favor of that
the CMB radiation can be a final product of primordial vector W-, Z- bosons cosmologically
created from Bogoliubov vacuum.
This pathway of quantization points out that in GR and SM there is a new principle of
relativity - a relativity of units of measurements. It means that equations of motion do not
depend not only on the data but also on the units of measurement of these data. In context of
this principle of relativity one can propose that the Higgs potential is not necessarily [42].
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